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(54) Apparatus for controlling electric generator off hybrid drive vehicle to control regenerative 
tMrake depending upon selected degree off drive source brake application 



(57) Apparatus for controlling a drive source brake 
force to t>e applied to a hytxid drive vehicle including an 
ertgine (10). an electric motor (12). and a transmission 
(26). the apparatus including a manually operated 
member (88) for selecting one of (Sfferent degrees of 
appRcation of a drive source brake to the vehidei an 
electric generator (12) driven t)y a kinelic energy of the 
vehicle to generate an electric energy and apply as the 
drive source brake a regenerative brake force corre- 
sponding to the generated electric energy to the veNde^ 
and an electricity generation control device (64, CS-4. 
Q2-5, 02-6) for controlBng the electric energy gener- 



ated by the electric generator, depending upon the 
selected degree of the drive source brake application. 
The apparatus may include a shift control device (64. 
02-8, Q2-9. 02-1 0) for changing the speed ratio of the 
transmission so that an engine brake force produced by 
the engine as the drive source brake is controfled 
depencfing upon selected degree of the drive source 
t)rake applicatkm. The regenerative brake or engine 
brake is seleclively applied depending upon stored elec- 
tric energy amount. 
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Description 

The present application is t>ased on Japanese Pat- 
ent Applicatkm NO. 8-89440 fQed April 11. 1996. ttie 
content Of wtuch is incorporated hereinto by r^ence. s 

BACKGROUND OF THE INVENTION 

Reld of the Invention 

10 

The present invention relates in general to a hybrid 
drive motor vehicie. and more particularty to an appara- 
tus for controDing a drive source brake (an engine trake 
and a regenerative brake) to be applied to such a hybrid 
drive motor vehicle by utiBzing an electric generator. is 

Discussion of the Related Art 

There is known a hytxid drive motor vehicle includ- 
ing (a) a drive power source including an engine oper- 20 
ated bf combustion of an engine^ and an electric motor 
operated tyy an electric energy stored in an electric 
energy storage device, and (b) an automatic transmis- 
sk>n whkii is disposed in a power transmitting path 
between the engine and drive wheels of a motor vehicle 2s 
and whose speed ratio is variable. For such a hybrid 
drive motor vehicle, there is known an engine brake 
control apparatus including (i) engine braking degree 
selecting means for selecting one of a plurality of 
degrees of engine brake applk^ation to the motor vetii- 50 
de, and 09 en^ne braking shift control means for 
selecting the speed ratio of the automatic transmisston 
depending lipon the selected degree of ^ine brake 
applk»tioa so tt>at an engine brake is applied to the 
motor vehicle as a result of operation of the engine a ss 
kinetic energy of the motor vehcle transferred to the 
engine through the automatic transmission, such that a 
force of the engine brake changes with the selected 
speed ratio of the automatic transmisskxi. 

An exanple of such an engine brake control appa- 40 
ratus is disctosed in JP-A-6-55941. wherein an auti>- 
matic transmis8k)n kJ disposed between an engine and 
a motor/generator. When a shift lever which functions as 
ttie engine t>rake selector means is placed in a second 
"2" positioa the automatic trarismission is placed in a 4s 
second-speed positioa When ttie shift lever is placed in 
a kMv "L* position, ttie automatic transmissNXi is placed 
in a first-q^eed position. Thus, the engine brake force to 
be appGed to ttie vehicle changes witti ttie selected 
position or selected speed ratio of the automatic trans- so 
mission. The brake force by ttie engine is generated by 
a pump action and friction toss of the engine, and ttiere- 
Ibre ttie engine brake force increases witti an increase 
in ttie operating speed of ttie engina Accordingly, the 
engine brake force increases with an inaease in ttie ss 
speed ralto of the automatic transmisston, wftich is ttie 
irput speed cfivkied by ttie output speed of ttie auto- 
matic transmission. 

When ttie motor/generator Is driven as the electric 



generator by a kinetK energy of ttie motor vehk^le. ttie 
electric generator (motor/generator) produces a regen- 
erative braking torque corresponding to the amount of 
an electric energy generated by ttie electric generator. 
Gonsequentiy, a brake force con-espondng to the 
regenerative braMng torque is applied to the motor vehi- 
da This brake force has ttie same effect as ttie engine 
brate force indicated abova In ttie en^ne brake control 
apparatus disdosed tn the above-Mentif led document 
JP-A-6-55941, the motor/generator is driven with a 
maximum torque to generate an electrk; energy, when 
the hyt>rid drive vehide is in an engine braking moda 

In the present application, ttie "engine brake" based 
on tfie pump adton and friction loss of the engine and 
ttie "regenerative t)rBke" t)ased on ttie regenerative 
braking torque generated by ttie motor/generator (func- 
tioning as ttie etedric generator or dynamo) are generi- 
cally referred to as "drive source t>rake". In other words, 
ttie term idrive source brake" is interpreted to indude 
both Ifte engine brake and the regenerative brake. 

However, ttie conventional engine brake control 
apparatus adapted to control the engine t)rake force by 
shifting the automatic transmisston suffers from a low 
response due to a comparatively tong time required for 
the automatic transmission to bo shifted from one posi- 
tion to another. 

SUMMARY OF THE INVEMTION 

It is therefore an object of the present invention to 
provide an apparatus for controlling a drive source 
brake to be applied to a hybrid drive motor vehide. 
which apparatus permits the application of ttie drive 
source tyaka with a tiigh response to an operation of 
manually operated means for selecting one of different 
degrees of drive source brake applteation to ttie vehk:la 

The above object may be achieved according to a 
first aspect of this Irivention, whfoh provkles an appara- 
tus for controlling a drive source brake force to be 
applied to a fiyt>rid drive vehfole comprising a drive 
wheel, a drive power source for driving the drive wheel, 
and a transmlsstoa ttie drive power source including an 
engine operated by combustion of a fuel and an eledrfo 
motor operated witti an electric energy, and the trars- 
nission t>eflfig (fisposed In a power transmitting patti 
between ttie engine and ttie drive wheel, ttie apparatus 
oomprisihg: (a) manually operated means for selecting 
one of a plurality of different degrees of applk»tion of a 
drive source brake to the hyt)rid drive vehk:le; (b) an 
electric generator driven t>y a kinetic energy of ttie 
hybrid drive vehk;le to generate an electric energy and 
apply as the drive source brake a regenerative brake 
force corresponcfing to the generated electric energy to 
ttie vehide; and (c) electricity generation contrd means 
for controlling ttie electric energy generated by the elec- 
tric generator, depending upon ttie degree of applteation 
of ttie cbrive source brake selected by the manually oper- 
ated means. 

tn ttie drive source brake control apparatus for ttie 
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hybrid dive vehicle, the electricity or elecbic eneigy 
generated tiy the electric generator or dynamo is con- 
trolled depending upon the degree of the dive source 
brake application to the vehicle as selected by the vehi- 
cle operator through the manually operated means, and 
the regenerative brake force corresponding to the con- 
trolled generated eiedric energy applied to the vetri- 
de as the drive source brake. In the present apparatus, 
therefore, the regenerative t>rake force as the drive 
source brake fence is controlled with a higher response 
to the operation off the manually operated means, than 
in the conventional apparatus in whk:h the en^pne brake 
force as the drive source t>rakB force is corrtrolled by 
shifting to the automatic transmisskyi to one of its drive 
positions whk^h corresponds to the selected degree of 
ttte er^ne brake applkatfon. 

The principle of tfits first aspect of the inventfon is 
appik»bie to various types of hybrid drive vehicle 
wherein the drive power source includes an engine and 
a motor/generator, for exanple, a hybrid drive vehide 
wherein the outputs of the en^ne and the electric motor 
are selectively transfenred to the drive wheel t)y selec- 
tive engagement and disengagement of dutcfies, a 
hytvid drive vehkde wherein the outputs of the engine 
and the electric motor are synthesized and distributed 
by a synthesizing/idistributing mechanism such as a 
(ianetary gear device, and a hybrid drive veNde 
wherein the electric motor is operated as an auxiliary 
drive power source. The hybrid drive vehide may have 
an dectric nwtor for each of a plurality of drive wheels. 

The transmission may be either a manual transmis- 
skxi or an automatto transmission. TTie automatk; trans- 
mission may be a planetary gear type transmission or a 
paraOd two-axes type transmisskxi. whk^h has a plural- 
ify of fonward drive positbns having respective different 
speed ratioa However, the automatic transmission may 
be a contnuously variable transnvssnn of belt-and-pul- 
ley type or toroidal type whose speed ratk> is continu- 
ously variabia R)riristarice,theautonfiatictransiTussk)n 
is disposed in a power transmitting path between the 
(frive wheel and an assembly of the engine and the 
electric generator. 

The electric generator may be disposed at a suHa- 
ble position. The electric motor and the electric genera- 
tor may t>e provided by a single motor/generator, whk:h 
is selectively operated as the electric motor and the 
electrk: generator. Where the automatk; transmisston is 
disposed in a power transmitting path between the drive 
wheel and the assennbly of the engine and the electric 
generator, it is desirable that the electric energy gener- 
ated by the electric generator be controlled by the elec- 
tricity generatk)n control means while the automatic 
transmisskxi is held in a predetermined positton having 
a predetermined speed ratio. 

Where an automatk; transmissfon having a plurality 
of fonMard drive positfons having respective different 
speed rertfoe is disposed in a power transmitting path 
between the drive wheel and the assembly of the 
engine and the electric generator, the manually oper- 



ated means may comprise a sftifl lever having a fonward 
drive positfon for permitting the automatic transmission 
to be shifted to any one of the fonward drive po6itk>ns. In 
this case, the shift lever further has a drive source brake 
5 positfon in wfiich the shift lever is operable to designate 
a desired degree of the drive source brake app&cation to 
me venicte. 

It is also desirable to provide suitable means for 
apply an er^e brake to tfie vehk^le or btith of the 

10 engine brake and the regenerative t>rake to the vehide. 
if the regenerative brake Ibrce corresponding to the 
degree of the drive source brake application selected by 
the manually operated means exceeds the maximum 
regenerative brake force that can be generated by the 

15 electric generator. 

In one preferred form of the apparatus of the first 
aspect of the inventkxi. the electric motor and ttieeleo- 
tric generator are provkled by a single motor/generator 
whKh is selectively operated as the electric motor and 

20 tto electric generator, and the apparatus further com- 
prises: an electric energy storage devk:e for storing the 
electric energy by whk:h the electric motor is operated; 
a synthesizingAfistrtxJting medianism having a first 
dutch, an output member, a first rotary element con- 

2S nected to tfie engine through the first clutch, a second 
rotary element connected to the motor/generator, and a 
third rotary elemeni connected to the output merhber. 
the automatic transmission k>eing disposed t>etween the 
output member and the drive wheel ; a second dutch for 

30 connecting two elements of tfie first, second and third 
rotary elements of the synthesizing/distributing mecha- 
rtism; regenerative braking control means for releasing 
the first dutch while engaging the second dutch, for 
permitting the motor/generator to be driven as the elec- 

35 trie generator by the kinetx; energy of the vehk^le to 
charge the electric energy storage device and apply the 
regenerative btake toroe to the vehicle; and engine 
braking control means for engaging the first and second 
dutches, while hokfing the motor/generator in a non- 

40 toad State, for permitting the engine to be driven t^ the 
kinetic energy of the vehx:le to apply an engine brake to 
the vehnie as the drive source brake. 

The synthesizingAdistritJUting mecfianism indk«ated 
above may be a mechanism inducfing a planetary gear 

45 device or differ ential gear device, which has three rotary 
dements operativeiy connected to each other and 
whch is adapted to mechanically synthesize or distrib- 
uting forces produced by the engine and the motor/lgen- 
erator. For instance^ the synthesizingAclistritxiting 

so mechansm may k)e adapted such ttiatttie outputs of the 
engine and the motor/generator (electric motor) are 
transferred from the output meni>er to the drive wheel, 
or the output of the engine is transited to the 
motor/generator and the drive wfieel so that the vefiide 

55 Is driven by the engine while the electric generator is 
operated fay the engpne to charge the electric energy 
storage device. However, the synthesizing/distributing 
mechanism need vxA have tx>th a force synthesizing 
function and a force distributing functkxi. The engine 
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braking oontrol means may be adapted to hold the 
engine in an idling state or cut a fuel supply to the 
engine while the engine is operated bf the kinetic 
energy of the vehida 

The object incficated above may atso be achieved 
aoocncfing to a second aspect of the inventton, which 
provides an apparatus for oontroHing a drive source 
brake force to be appGed to a hybrid drive vehicle cont- 
prising a drive wheel, an electric energy storage device 
for storing an electric en&fgy, a drive power source for 
driving the drive wheel, and an automatic transmisston 
whose speed ratio is variable, the drive power source 
including an engine operated by combustion of a fuel 
and an electric motor operated with the electric energy 
suppled from the electric energy storage device, and 
the automatic transmiS8k)n being (fisposed in a power 
transmitting path between the engine and the drive 
wheel, the apparatus comprteing: (a) manually operated 
means for selecting one of a plurality of (fifferent 
degrees of appOcatwn of a drive source brake to the 
tiybrid drive vehk:le; (b) an electric generator driven by a 
kinetic energy of tfie l^fbrid drive vehicle to generate an 
electric energy and apply as the drive source brake a 
regenerativa bnka force corresponcfing to the gener- 
ated electric energy to the vehk;te; (c) engine brake sfvft 
oontrol ineans for shifting the automatic transmisskxi so 
as to change the speed ratio thereof dependng upon 
the degree of appikatnn of the drive source brake 
selected by the manually operated means, so that an 
engine brake force which is produced by operatkm 
the engine by the kinetic energy of the hybrid drive vehi- 
cle and wttich is appfied to the hybrid drive vehkde is 
controlled depeivling ipon ttie speed ratio of the auto- 
matk: transmission; (d) electricity generalk>n control 
means for controlling the electric energy generated by 
the electric generator, depending vfxxt the degree of 
^spfication of the drive source brake selected by the 
manually operated means; and (e) drive source brake 
selecting mears for selectively enabfing the engine 
IxakB shifl oontrol means and the electricity generation 
' control means to be operated, depending upon an 
amount of the electric energy stored in the electric 
energy storage device. 

In the drive source brake force control apparatus 
accoofing to the secorvi aspect of tfus invention, the 
regenerativa brake generated t>y the electric generator 
and the engine brake generated by the engine are 
selectiveiy applied to the hybrid drive vehk^ie, depend- 
ing upon the amount of the electric energy stored in tfie 
electric energy storage device. Where the electric 
energy storage device is excessively cfiarged, the elec- 
tric generator cannot be operated to charge the storage 
device, namely; the regenerative k>rakB cannot be 
applied to tfie vehicle as tfie drive source braka In this 
case, tfte engine brake can be applied to the vehkile as 
the drive source braka Futher, the electricity genera- 
tion control means may be adapted to oontrol tfie elec- 
tric energy generated t>y the electric generator, tfiat is. 
the regenerative brake force generaied by the electric 



generator, depending upon the selected degree of the 
drive source brake appficatkxi, 80 that the regenerative 
brake force is substantially equal to the engine brake 
Ibrce as controlled by the engine t)rakB shift control 

5 means. Accordingly, the present apparatus assures 
substantially the same dirive source brake force irre- 
spective of whether tiie regenerative brake or tiie 
engine brake is appGed to the vehicle as the drive 
source t>raka In other words, the present apparatus 

10 less Gkely to suffer from a difference in the drive source 
t)rakB force due to the selective application of tiie regen- 
erative brake and the engine k)raka which difference 
wouki be undesirable to ttie operator who does not gen- 
erally (fistinguish the regenerative brake and ttie engine 

IS brake from each other. 

The drive source brake selecting means is prefera- 
bly adapted to enable the engine brake shift control 
means when tiie amount of tiie electric energy stored in 
the storage devce is larger ttian a predetermined upper 

so Gmit (above which the storage device cannot be 
charged), and enable tiie electricity generation control 
means when tiie electric energy amount stored m the 
storage device is not larger tfian the upper Gmit. In tfie 
former case, the engine brake is applied to tiie vehicle. 

25 In tfie latter casa the regenerative brake is appGed to 
tiie vehKia The upper limit indkated above is suitably 
determined so as to prevent considerable deterioration 
of tfie cfiarging and discfiarging effkaendes of tfie elec- 
tric energy storage devk;e or damage of the storage 

30 devtoe due to a change in the stored electric energy 
amount. 

yVhen tfie vehicle is running at a relatively high 
speed, the regenerative t)raking torque generated by 
the electric generator may not permit a regenerative 

3s brake force almost equal to the engine brake Ibrca In 
tills casa the engine brake may be added to inaease 
the overall drive source brake foroa or the regenerative 
brake may be replaced by the engine brake, whkdi may 
be controlled by controlGng the opening angle of tiie 

40 tfuottle valve and the amount of fuel ir^ectkxi. 

The autoniatic transnrnsston rnay be a transrnisskm 
whkii has a plurality of different speed ratios or whoee 
speed ration is continuously variable, as described 
above witti respect to tfie first aspect of tfie inventkm. 

45 The manually operated means may comprise a shift 
lever arranged as also described above witti respect to 
Ifie first aspect of the invention. 

The apparatus according to ttie second aspect of 
the invention may also comprise a synthesizingAdistrit)- 

50 uting mechanism, a second clutch, regenerative k)raking 
oontrol means and engine braking control means, whk^h 
have been described above witti respect to the first 
aspect of the invention. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional okjeds, features, advan- 
tages and tecfmical and industrial signifcance of ttiis 
inventkm wiQ be better understood by reading ttie folk3w- 
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ing detailed description of presently preferred embodi- 
ments of the invention, wtien considered in connection 
with tfie accompanying drawings. In wtilch: 

Fig. 1 is a scfiematic view Qlustrating a general 

anangement of a drive system of a fiyt)rid drive 

motor vefiicie equipped with a drive source brake 

control apparatus constructed acconfing to one 

emtxxliment of tfiis invention; 

Fig. 2 is a block dagram of a control system of the 

hybrid drive motor vehicle of Rg. 1; 

Fig. 3 Is a view for GDqplainjng operating positksns of 

a shift lever provided on tfiehyk)rid drive vehicle of 

Fig.1; 

Fig. 4 is a flow chart Qlustrating an operation mode 
determining sutxoutine executed by tfie control 
system of Fig. 2; 

Fig. 5 is a view indicating nir^ operation modes of 

the fiyt>rid drive motor vehicle, wtnch are selectively 

estabOshed in tfie sutHOutine of Rg. 4; 

Fig. 6 is a f tow chart showing in detail the content of 

step S3 of the sub-routine of Fig. 4; 

Fig. 7 is a f bw chart shewing in detail the content of 

step S4-1 of the sutMputine of Fig. 4; 

Fig. 8 is a f k]w chart showing in detail the content of 

step 84-2 of tfie sub-routine of Fig. 4; 

Figs. 9A-9D are views for explaining regenerative 

t)raking data maps selectively used In step Q2-5 of 

tfie flow chart of Fig. 8; and 

F^. 10 is schematicviewDlustrating another type of 

hybrid vehicle drive system to which the princ4>le of 

the present inventkni is applicabia 

DETAILED DESCRIPTION OF THE PREFERRED 
B/IBODIMENT 

Referring first to tfie scliematic view of Fig. 1, there 
is sfiown a hyk>rid drive ^stem 8 tor a front-engine frorit- 
drive fiybrid drive motor vehida The present hykvkl 
drive system 8 is installed on tfie motor vehicle such 
that various axes of the hybrid drive system 8 are sub- 
stantially parallel to the transverse or lateral drectnn 
(width direction) of the motor vehkde. The hyt)rid drive 
system 8 includes an engine 10 such as an internal 
combustion engine operated by oombustion of a fuel, a 
motor/aerator 12 functtoning as an electric motor and 
an electric generator, and a planetary gear device 14 of 
single pinion typa The planetary gear device 14 func- 
tions as a synthestzing/distrftHJting mecfiansm for 
mecfianically syntfiesizing and distrbuting a force. The 
planetary gear device 1 4 includes a first rotary element 
in the form of a ring gear 1 4r connected to tfie engine 1 0 
through afffst clutch 16, a second rotary element in the 
form of a sun gear 148 connected to a rotor shaft 12r of 
the motor/generator 1 2, and a third rotary element in the 
form of a carrier 14c which has an integrally formed driv- 
ing sprocket 18 functioning as an output member. The 
sun gear 14s and the carrier 14c are connected to each 
other by a second clutch 20. An output of the &r\gine 1 0 



is transfen'ed to tfie first clutch 1 6 tfirough a flywheel 22 
and a damper 24. The flywheel 22 serves to reduce 
speed and torque variations of the engine 10. The 
damper 24 includes a suitable elastic member such as 

5 a spring or a rubber mennber. The first and second 
dutches 16. 20 are friction type multipl&Kfisk dutches, 
each of which is operated between engaged and 
released states thereof t)y a hydraulic actuator. 

The driving sprocket 18 is connected through a 

10 chain 30 to a driven sprocket 29 which functions as an 
input member of an automatk: transmission 26. The 
automata transmisskm 26 is a parallel two-axes type 
transmissk)n having a first or input shaft 32 on which the 
driven sprocket 28 is provkled. and a second or output 

IS shaft 34 parallel to the frst shaft 32. The automatic 
fransmissnn 26 has four pairs of mutually meshing 
gears for fomvard driving of the veftide. and a pair of 
gears connected tfirough an idler gear for reverse run- 
ning of the vehk:la The automatic transmission 26 

20 includes two frictionaQy coupling dutches 36, 38 cper- 
ated tiy respective hyctaul'ic actuators* and two positive 
or daw dutches 40. 42 operated by respective hydraufic 
actuatorsu With these dutches 36, 38. 40. 42 selectively 
placed in tfieir engaged and released positions, the 

2S automatic transmission 26 is selectively placed in one of 
a neutral position and four fonward-drive positions. The 
automatic transmission 26 further includes a frictionaDy 
coupEng clutch 44 operated t>y a hydraulic actuator for 
estat)lishing a reveiBe-drive position. The second or 

30 output shaft 34 has an output gear 46 mounted thereon, 
which meshes with a ring gear 50 of a bevel gear type 
differential gear device 48. The ring gear 50 functions 
as an input memt}er of the differential gear device 48. 
Power trar^ferred to tfie output gear 46 is distritxjted to 

35 right and left drive wheels ^ront wheels) of tfie veftide 
through a pair of output shafts 52, 54 of the differential 
gear devtee 48. In Fig. 1 , a portion corresponding to the 
kiwer half of the second shaft 34 is not sfiown except for 
tfie output gear 46. since the assembly inducfing tfie 

40 second sfiaft 34 tesymm^rical with respect to the axis 
of the second shaft 34. 

Referring next to the tkxk cfiagram of Fig. 2, there 
is shown a control system for the hyt)rid vehide drive 
systema bnRg. 3. tfikicsdid Ones indicate mediank:al 

45 connections, while tfiin solid Bnes tndk;ate electric con- 
nections. The motor/igenerator 12. planetary gear 
mechanism 14 and first and second dutches 16, 20 
coo p erate to constitute an elecferk»lly controlled torque 
converter 58. The differential gear devk:e 48 constitutes 

so a major portion of a speed redudng device 60 shown in 
Fig. 2. and the front drive wheels constitute a major por- 
tion of drive means 62 also shown in Rg. 2. 

The operating states of the engine 10 are controlled 
t>y afuel injection actuator 66. a throttie actuator 68. an 

55 ignition actuator 70, and an intake and exfiaust valve 
actuator 72. These actuators 66b 68. 70. 72 are control- 
led by a oontroOer 64, to control the engine 10. The 
motor/generator 12 is connected to an electric energy 
storage device 76 such as a battery ot capacitor 
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through a motor/generator control device 74 such as an 
inverter. The motDr>!generator control device 74 is con- 
trolled b/ the controiler 64, so that the motoryigenefator 
12 is placed in one of a DRIVE state, a CHARGING 
state, and a N0N4.0AD or FREE stata In the DRIVE 
state, the motor/!generator 12 is operated as an electric 
motor to provide a predetermined toique for driving the 
vehicle, with an electric energy being suppGed to the 
electric motor from the electric energy stor^ device 
74. In the CHARGING state, the motor/generator 12 is 
operated as an electric generator or dynanK3k by regen- 
erative braking 0-e.. electrical braMng torque of the 
motor/generator 12 per se), so as to charge the electric 
energy storage device 76 with an electric ertergy. In the 
N0N4.0AD or FREE state, the motor^enerator 12 is 
placed in a non-load condition permitting liree rotation of 
the rotor shaft 12r. The hydraufic actuators for the first 
and second dutches 16, 20 are controlled by the corv 
troiler 64 through respective solenoid-operated valves, 
so that tftese clutches 16, 20 are selecfively placed in 
their engaged and released states^ for selective connec- 
tion and disconnection between the enfipne 10 and the 
ring gear 14r. and between the sun gear 14s and the 
canier 14c. 

The automatk; transmission 26 has a parking posi- 
tion, a neutral posHton "tT, a rear drive positnn *REV*, 
and a plurality cf fonvaid drive positions "FWD*, naniely, 
first-speed, seoond^speed, third-speed and fourltt- 
speed positions "1 sT, *2nd". "3rd" and "4th-. The neutral 
position "N", rear drive position "REV" and fonMaid drive 
positions "FWD" are selectively established by a 
FWD/N/REV selecting actuator 82 under the control of 
the controller 64. through a hydraulk: circuit inducting a 
manual shift valve whk:h is mechanically connected to a 
shift lever 80. As indk»ted in Fig. 3, the shift lever 80 
has a total of five operating positions^ parking positfa n 
"P", reverse positkm *R", neutral positksn TT. fDn«d 
drive position "D", and drive source brake positnn "BT. 
With tfie shift lever 80 placed in tfie rteutral positnn "N*, 
the automatk) transmsston 26 is shifted to the neutral 
position "N". With the shift tever 80 placed in ttie reverse 
posilion "R", tfie automatic transmtesion 26 is shifted to 
tfie rear drive position "REV". The currentfy selected 
position Sh of the shift lever 80 detected t>y a sfiift 
position smtch 84. fOamely. tfie output signal of the shift 
position switch 84 represents the selected positnn Sh 
of the shift lever 80. When the shifllever 80 is placed in 
tfie forward drive position, the automate transmission 
26 is automatically shifted to any one of the foriMard 
drive positnns bf a speed ratx> dianging actuator 86 
under the control of the controller 64. The speed ratk> 
diangng actuators 76 indudesoienoid-operated valves 
for establishing a selected one of comb i n a t n n s of the 
engaged and released states of the hydrauficaily oper- 
ated frictionaDy coupOng dutches 36, 38 and posftrve 
dutches 40, 42. Described more spedfnaDy; one of the 
fonward drive positnns "IsT, "2nd*» "3rd* and '4th* is 
selected on the basis of the operating amount Oac an 
accelerator pedal and a ninning speed V of the vehicle^ 



and acoonfing to predetermined sfiift patterns which are 
relationships t)etween ttiese parameters O^c 8nd V. 
With the shift lever 80 placed in the parking position "P". 
the automatic transmissk}n 26 is shifted to the parking 
5 positkxi by a parking shift acti^tor 90. In the parking 
positnn, a partdng brake is applied to the wfieels of the 
vehida 

As indicated in Rg. 3, the drive source brake posi- 
tnn "B" of tfn shift lever 80 is acQacent to tfte fonMaid 

10 drive position "D". When the sfiift lever 80 is placed in 
the drive source tvake positnn "B", the shift lever 80 
may be indined In a directk>n perpendk:ular to the shift- 
ing directnn in which the positkxis "P", "R", "hT, "D" and 
"B"are selected. Tfiat is. the shift lever 80 placed in the 

IS drive source knake position "B" may t>e inc6ned to right 
and left positions indicated t>y circles of broken lines bi 
Fig. 3. Ihe rnovetnents of the shifl lever 80 to these right 
and left positions in the drive source brake position "B" ~ 
are detected by an UP-DOWN switch 88, an output sig- 

20 nal of wfvch is sent to tfie controller 64 each time Ifie 
shHl lever 80 is indined to the right or left positnn m the 
drive source t)rake position "B^. It will k)e understood 
tfiat tfie shift lever 80 functions as manually operated 
means for selecting one of a plurality of cfifferent 

25 degrees of drive source tmke appfication to tfie motor 
vehid& 

The oorrtroller 64 indudes a miciocoiTputer incor- 
porating a central processing unit (CPU), a random- 
access memory (RAM), and a read-only memory 

30 (ROM), and is adapted to control the hybrid drive sys- 
tem 8 according to a predetermined control program, 
more spedfkslly, select one of nine operation modes 
indk:ated In Fig. 5. according to an operation mode 
determirBr^ sub-routine illustrated in the fksw diart of 

35 Fig. 4 by way of example, and operate the hybrid drive 
system 8 in the selected operation mode. The controOer 
64 receives various signals from various detectorSbSudi 
as signals indnative of: torque T^ and speed of the 
engine 1 0; torque T^ and speed Ny of the motor/^ener- 

40 ator 12; input shaft speed Ni of the automatic transnis- 
snn 26; output shaft speed fto of the automatic 
transmisskNii 28 (whk:h speed fto can be used to cateu- 
late the running speed V of the vehide); ope r ating 
amount 6ac of the accelerator pedal; amount SCO off 

4S electric energy stored in the electric energy storage 
device 76; operating state of a tsTEto system (operating 
stale off a brake pedaQ; currentiy selected position Sh of 
the shift lever 80; and operator^ desired degree off drive 
source brake application as obtained from the output 

so signals of the UP-DOWN switch 88. The engine torque 
Tg can be otitained from the opening angle of the throt- 
tie valve or fuel injection amount, while the motor torque 
Tm can be obtaoied from the electric cunrent of the eleo- 
tric motor 12 when the motor/igenerator is operated as 

55 tfie electric motor. The stored electric energy amount 
see can be obtained from the electric current or charg- 
ing effic i ency of tfte electric generator 12 wfien the 
motor/i^enerator is operated as tfie electric generator to 
charge the storage device 76. 
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The operation mode determining sutHDutine of Fig. 
4 is initiated with step SI to detennine whether there 
exists a command requiring the engine 10 to k)e started 
for driving the vehicle with the engine 10 used as the 
drive power source or for operating the motor/generator 
12 (or charging the electric eneigy storage device 76. tf 
an affirmative decision (YES) is obtained in step SI . the 
control flow goes to step S2 to select an operatbn mode 
9. In this operation mode 9, the first and second 
dutches 16 and 20 are tx>th engaged (turned ON) as 
incGcated m Fig. 5, and the motor>lgenerator 12 is oper- 
ated to start the engine 10 through the planetary gear 
device 14, with the fuel irtjection amount and other con- 
cfitions of the engine 10 beivQ suitak4y controlled. When 
this op«Htion mode 9 is selected whSe the vehicle is 
stationary, the starting of the engine 10 is effected with 
the automatic transmission 26 placed in tfie neutral 
positioa When the operation mode 9 is selected during 
running of the vehicle witti only the motor^er^rator 1 2 
as the drive power source as nn an operation model in 
which the first dutch 16 is in the released state, the first 
dutch 16 is engaged, and the motor/generator 12 is 
operated so ^ to provide an output which is targer than 
the output necessary to drive the vehicle, by a given sur- 
plus output of the motor^enerator 12. Thus, even when 
the vehide is running, the engine 10 can be started in 
the operation mode 9 by tenrporarily placing the auto- 
matic transmission 26 in the neutral positioa The oper- 
ation mode 9 eliminates an exdusive starter such as an 
electric motor provided fbr the sole purpose of starting 
the engine, and is therefore effiective to reduce the 
required nuriter of ooniponenls of the hybrid drive sys- 
tem 8, leading to an aoooRfingly reduced cost of menu- 
facture thereof. 

if a negative decision (NO) is obtained in step SI, 
that iSk no command requirmg the starting of the engine 
10 is present the control flow goes to step S3 to deter- 
mine whether the application of re^nerative txaking or 
engine braking to the ^ide is required. This step S3 is 
implemented as Qtustrated in the ftew chart of Rg. 6. Ini- 
tially, step R1 is implemented to determine wh^er the 
acceierator pedal is not depressed, that is, wh^her the 
operating amount Oac is smaDer than a predete r mined 
threshoid which is substantially zera If the accelerator 
pedal is off. tfie control flow goes to step tf the 
acceterator pedal is depressed, the control flew goes to 
step S5 of the sUb-routine of l=lg. 4. Step R2 is provided 
to detemvne whettier the brake pedal is depressed. 
This determnnation rnay be made on the basis of an out- 
put signal of a brake switch provided to detect an oper- 
ation of the brake pedal. If an affirmative decision (YES) 
is obtained in step R2, the control fkiw goes to step R3. 
If a negative decision is obtained in step R2, step 
R5 is Implemented to detemvne whettier the currentiy 
selected position Sh of the shift lever 80 Is the drive 
soiffce brake position *B". if the shift lever 80 is placed 
in the engne braking position "B*. the control fbw goes 
to step 84-2 of the sidl)-routine of Fig. 4, to effect drive 
source brake control. If the shift lever 80 is not placed in 



the drive source brake position 'B". the control flow 
goes to step S5 of Rg. 4. 

Step R3 whrch is implemented when the k>rakB 
pedal is depressed is provided to determine whether 

5 the cun^entiy selected position Sh of the shift lever 80 is 
eitiier the fonMard drive position "D* or the drive source 
brake position "B". If a negative dedson (NO) is 
obtained in step R3, ttie control ftaw goes to step ^ of 
Rg. 4. If an affirmative decision (YES) is ot^tained in 

10 step R3,tfiat is, if the shift lever 80 is currentiy placed in 
the forward drive position "D" or drive source brake posi- 
tion "B", the control fbw goes to step R4 to determine 
whettier the electric energy amount SOC stored in ttie 
electric energy storage devk^e 76 is smaDer than a pre- 

75 detttmined iwer limit A2. If an a ffi rm a tive decisk>n 
(YES) is obtained in step R4, the control f tow goes to 
step S4-1 of Rg. 4, to effect regenerative braMng con- 
trol. If a negative dedston (^^) is obtained in step R4, 
ttie control ftow goes to step S5 of Rg. 4. The upper lirrvt 

20 A2 is a maximum amount of the electric energy cur- 
rentiy stored in the storage device 76, below which the 
storage device 76 is permftted to be charged by ttie 
electrk: generator 12. This upper Omit A2 is detenm'ned 
by the charging and discharging effciendes of ttie stor- 

25 age device 76. Rx example, the ui^per limit A2 is 
seleded to be about 80% of ttie fijil capacity of ttie stor- 
age dmce 76. 

The regenerative t>raking control in step S4-1 is 
effected as illustrated in ttie f k3w chart of Rg. 7. Initially, 

30 step Q1*1 IS implemented to select an operation mode 
6. Step 01 -1 is fblkjwed by step 01-2 in vvhk^h ttie elec- ^, 
trie energy generated by ttie electric generator 12 is 
controlled depending upon the depression force acting 
on the brake pedal. In the operatk>n mode 6, the first 

35 dutch 16 » released (tumed OFF) and ttie second 
dutch 20 is engaged (turned 014), while ttie engine 10 
is tumed OFF, and the motonfSgenerator 1 2 is plaoed in 
ttie CHARQINQ state, as indk»ted in Rg. 5. whereby 
the motor^enerator 12 operated as the electric gen- 

40 erator a kinetic energy of the motor vehide, so ^ to 
charge ttie electric energy storage devk» 76 while 
applying a regenerative brake to the motor vehcia Uke 
the engine l)raklng, the regenerative Ixaking re du ces 
the required amount of operation of tfie brake pedal 

46 ttie vehide operator, and fadlitates the control of the 
vehk:le running. Since ttie engine 10 is cfisconnected 
from ttie plan^ary gear devtoe 14 wifli ttie first dutch 16 
placed in ttie released slater the energy toss of the vehi- 
de due to ttie drag resistance of the engine 10 is pre- 

50 vented in the operation mode 6. Further, since the 
operation mode 6 is seleded wtien the stored electric 
energy amount SOC is smaller ttian ttie upper Emit A2. 
ttie electric energy storage device 76 is protected firom 
excessive charging and resulting deter i orati o n of its 

55 diarging and cisdiarging effidendes. In the regenera- 
tive braking cdnlrd in step Q1-2, ttie motor/generator 
controller 74 is controlled to control ttie electric genera- 
tor 12 so that the electrk; energy generated tiy ttie eleo- 
tric generator 12 increases with an increase in ttie 
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depression force acting on the brake pedal. In ttis 
arrangement the regenerative braking torque corre- 
sponding to the generated electric energy Increases 
with the brake pedal depression forca The regenerative 
brake force based on the regenerative braking torque is 5 
applied to the motor vehida In the present applk»tk>n. 
a brake based on this regenerative brake force in the 
regenerative k>raking mode as wen as an engine brake 
in the engne braking mode is considered to be a "drive 
source k)rakB*app6ed to the vehicle. w 

The drive source brake control in step S4-2 of Fig. 
4lsefreGteda8Dtustratedlnthefk3WGhartorFig.8. Ii^ 
tially. step Q2-1 is implemented to detennne whether 
ttie electric energy anxxffit SOC currently stored in the 
storage de^ 76 is smaller than the iwer limit A2. If 
an alftnnativa dedston CYES) is obtained in step Q2-1 . it 
means that the storage device 76 can be charged, hi 
tNs case; step Q2-2 and the Iblk^wing steps are irrple- 
mented to control ttteeiectncity generatfon t^ the elec- 
tric generator 12 for applying a regenerative brake to the 
vehicto. If a negative dedsfon (NO) is obtained in step 
Q2-1 , the control flow goes to step Q2-7 and the foOow- 
ing steps to apply an engine brake to the vehcia ItwOI 
be understood that a portfon of the controller 64 
assigned to ii iyle m en t step Q2-1 serves as drive 
source brake selecting means for selecting the regener- 
ative braking mode (operation mode 6) or the engine 
braking mode (operation mode 8), depencfing upon the 
electric energy amount SOC stored in the storage 
device 76. 

Step Q2-2 is implemented to select the opmtion 
mode 6 (regenerative braking mode) as in step Q1-1. 
Step Q2-2 is followed by step Q2-3 in whk:h the auto- 
matic transmissfon 26 is hek) in a predetermined posi- 
tfoa for exampla the third-speed position "3rd" or the 
position whose speed ratio is neoct higher ttian the posi- 
tion selected with the shift lever 80 placed in the fonMUd 
drive positfon IT. In the thInJ-speed posrtfon "SnT, the 
power toss is relatively smaD. and the electric generator 
12 is suitably driven by the kinetic energy of the vehida 
Step Q2-3 is folfowed by step (32-4 to detemvne the 
desired degree of regenerative kyake appficatton to the 
vehide. on the basis of the output signals of the UP- 
DOWN switch 88, namely, the operatfons of the shift 
lever 80 to the right and left (positive and negative) posi- 
tions when the shift lever 80 is placed in the drive source 
brake position "B". Then, the control flow goes to step 
Q2-5 to select one of regenerative braking data maps 
which corresponds to the deterrrined degree of regen- 
erative brake applk»tion. Each regenerative txaking 
data map is a relationship between tiie regenerative 
braking torque and tiie speed Nm of the motor^enerator 
12. In the next step 02-6, ttie electric cun-ent of tiie elec- 
tric generator 12 is contrdled on ttie basis of the speed 
Nm and accorcfing to the selected regenerative braking 
data map, so that the electric generator 12 proMdes the 
regenerative braMng torque oorresponcSng to tiie speed 

In the present embodiment wherein tiie automatic 



transmissfon 26 have the fbur fonfvaid drive positions, 
four regenerative braking data maps are provkJed as 
indfoated in Figs. 9A, 9B, 9C and 9D, which correspond 
to the four forward drive positions of tfie automatic 
trarksmission 26. These data maps are formulated so 
ttiat ttie electric generator 12 provides the regenerative 
brake force wNch is substantially ttie same as the 
engine txake force provided t>y the engine 1 0. The data 
map Map 1 of Fig. 9A corresponds to the fourth-speed 
position Mth" wfiose speed ratio is the smallest, while 
the data map Map 2 of Fig. 9B corresponds to the third- 
speed position "3rd' whose speed ratio is ttie next 
smanesL The data Map 3 of Fig. 9C corresponds to ttie 
second-speed position *2rKr wtiose speed ratio is the 
second largest. whOe the data map Map 4 of Rg. 9D 
corresponds to tiie first-speed position *1sr whose 
speed ratio is ttie largest Where the automatic trans- 
missfon 26 is hekJ in ttie ttiird-speed position "3rd* to 
step 02-3. ttie data map Map4 corr^ponding to ttie 
fffst-speed positfon "IsT is selected when the shift lever 
80 in the drive source txake position "B" has been oper- 
ated to the ri^it or negativ8 (mirus *-") position two 
times. If ttie shift lever 80 in the drive source brake posi- 
tion *B" is ttien operated onoe to ttie left or positive (plus 
"O position, ttie data map Map 3 corresponding to the 
second-speed position "2nd" is selected. The four 
regenerative braking data maps shown in Figa 9A-9D 
are formulated on the assumption ttiat the automatfo 
transmisston 26 is heU in ttie third-speed position "3rd" 
in step 02-3. The data maps are stored in the ROM of 
the controller 64. One-dot chain lines in Rgs. 9A-9D 
represent the maximum regenerative braking torque. 

It wai be understood that a portion of ttie controller 
64 assigned to implement step Q2-2 for selecting ttie 
regenerative braking mode (operation mode 6) serves 
as regerierative braking control means for permitting the 
motor/generator to bs driven as the electric generator 
t)ya kinetic energy of ttie vehfole to charge the electric 
energy storage device 76 arxJ apply ttie regenerative 
brake to the vehfola It will also t>e understood that a por- 
tion of the controOer 64 assigned to implement steps 
Q2-4, Q2-5 and 02-6 serves as eiectrici^ generatton 
control means for controOing the electric energy gener- 
ated by ttie electric generator, depending ifxvi ttie 
degree of application of ttie drive source brake selected 
by ttie shift lever 88. 

Step 02-7 which is implemented if ttie negative 
decision (NO) is obtained in step Q2-1 is provkJed to 
select an operation mode 8 (engine braking mode). In 
the operation mode 8, the first and second dutches 16, 
20 are botti engaged (tomed ON), as indicated in Rg. 5, 
and ttie motor/generator 12 is placed in ttie NON-LOAD 
stata Furttier, ttie engine 10 is turned OFF, ttiat is, ttie 
throttle valve Is dosed and ttie fuel injection amount is 
zeroed. As a result, an engine tvake due to the drag 
resistance of ttie engine 10 is applied to the vehide, 
¥vhereby ttie required amount of operation of the brake 
pedal tyy ttie vehide operator is reduced, fadlitating ttie 
control of the vehide running. Since the motor/igenera- 
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tor 12 is placed in the NON-LOAD state and permitted 
to rotate freely in the operation mode 8. the electric 
energy storage de^ce 76 is protected from excessive 
charging and resulting deterioratk>n of its charging and 
discharging efficiencies. 5 

It wiD t)6 understood that a portion of the controller 
64 assigned to implement step 02-7 for selecting the 
engine txaldng mode (Operation mode 8) serves as 
engine txaking control means for permitting the engine 
to be driven t)y a kinetic energy of the vehicle to apply io 
an engine brake to the velvde as the drive source 
brake. 

Step 02-7 is folbwed by step 02-8 to determine the 
desired degree of engine brake application to the vehi- 
de, on the basis of the output signals of the U P-DOWN is 
switch 88, as in step 02-4. Then, the control fkMf goes 
to step 02-6 to select one of the lonRerd dive posftnns 
of the automatic transmission 26 wftich corresponds to 
the determined degree of engine braking. Step Q2-9 is 
folkMvedt>y step 02-10 in whk^h the automatic transmis- 20 
sion 26 is shifted to the selected fbnward drive posHloa 
The brake force produced bf the engine 10 nicreases 
with an increase in the speed N^ of the engirte 10, 
namely, with an increase in the speed ratk> of the auto- 
matic transnv'ssion 26. Therefore, since the position to 2s 
which the automatic transmisston 26 is stufted in step 
02-9 is selected dependffig Mpon the degree of engine 
tMraking desired t)y the vehicle operator, the engine 
brake force desired t)y the vehicle operator can be 
obtained in the engine braking moda 3o 

It will be understood that a ponk)n of the controller 
64 assigned to irrplement steps 02-8. 02-9 and 02-10 
serves as engine brake shift control means for shifting 
the automatic transmission 26 so as to change the 
speed ratio thereof depending upon the degree of appO- as 
cation of the drive source brake selected by the shHt 
lever (88), so that an engine brake force which is pro- 
duced by operation of the engine the kinetic energy 
and which is applied to the vehk:le is controlled depend- 
ing upon the currently estabfished speed ratio cf the 40 
automatic transmission. 

Referring back to the operatkxi mode delermirnng 
sutMoutine of Fig. 4, step S5 is implemented if neither 
the regenerative braking nor the engine k)raking is 
required. Step S5 is provided to determine whether the 4s 
yMcUB is required to be started by operation of the 
engine 10. Thisdeterminatfon may be effMed deter- 
mining whether the vehk^le is in a temporary stop during 
running of the vehicle with the engine 10 used as the 
drive power source as in an operation mode 3 (whk:h so 
will be described) . For instance, the temporary stopping 
of the vehicle can be detected by cheddng if the output 
speed No of the automatic transmisskxi 26 l& zenx 
Namely, the output speed No is zero when the vehicle is 
stationary If an affirmative decision (YES) is obtained in ss 
step S5, the control ftow goes to step S6 to determine 
whether the acoeterator pedal is in a depressed slate , 
more specifically, whether the operatfon amount O^c of 
the accelerator pedal is larger than a predetermined 



fowerGnit which is dose to zero but larger than zero. If 
an affirmative decision (YES) is obtained in step S6, the 
control flow goes to step S7 to select an operation mode 
5. If a negative decision (NO) is obtained in step S6. the 
control flow goes to step S8 to select an operation mode 
7. 

In the operation mode 5 selected in step S7, the 
first dutch 16 is engaged (turned ON) and the second 
dutch 20 is released (turned OFF), and the engine 10 is 
operated, as indk:ated in Rg. 5. wherekyy tfie vehk:le is 
started by the engine 10, with tfie regenerative braking 
torque of the motor/generator 12 being suitably control- 
led Described in detail, the ratios of ttie engine torque 
Te. output torque of the planetary gear device 14 and 
motor torque Tm are 1: (1 + p):p, where p represents a 
gear rat» of the planetary gear dMce 14 (p » the 
number of teeth of tfie sun gear 148 divkied tiy the 
number of teeth of the rir^ gear 14r). When ttie gear 
ratio p is about 0.5 (as in a common planetary gear 
device), for example, the torque of ttie motor/generator 
12 is controOed to be equal to a half of ttie engine torque 
Te, so that the torque about 1 .5 times the engine torque 
Te is produced from tfie cam'er 14c of the planetary 
gear device 14. In ottier words, ttie vehk^ie is started 
with a torque as large as (1 •»> p)/p times the torque of - 
ttie motor/generator 12. If the motor/generator 12 is 
heU in ttie NON-LOAD state witti no current applied to 
the motor, the output of the cam'er 1 4c is zeroed with the 
rotor shaft 12r merely rotating in the reverse direction, 
whereby the vehide is heki stationary. In this case, the 
planetary gear device 14 functions as a vehide start 
dutch and a torque booster. Witti ttie motor torque T^ 
(regenerative braking torque) gradually increased from 
zero to inaease a reaction force of the motor/generator 
12. tfie vehide can t>e smoothly started with tfie output^ 
torque which is (1 p) times the engine torque Tg. 

The motor/lgenmAor 12 used in Ifie present hytirid 
drive system 8 has a torque capacity whfoh is atxMJt p 
times ttie maximum torque of the engine 10. Namely, 
the torque capacity and size of the motor/generator 12 
are nwiimized to nriinirnize the size arid cost of rnanufac- 
ture of the hylirid drive system 8, while assuring ttie 
reqinred torqu& The present hyt)rid drive system 8 is 
furttier adapted so ttiat ttie opening angle of ttie throttle 
valve and tfie fuel injection amount are increased witti 
an increase in ttie motor torque T^, for preventing slaD- 
ing of the engine 1 0 due to a drop of ttie engine speed 
Ne due to an increase in ttie reactkm force of the 
motor/generator 12. 

In the operation mode 7 selected in step S8, the 
first dutch 16 is engaged (turned OIM) and ttie second 
dutch 20 is released (turned OFF), and the engine 10 is 
operated while the motor/generator 12 is placed in the 
NON-LjOAD state so ttiat ttie hybrid drive system 8 is 
F^aced in an electricaDy neutral state, as indk»ted in 
Fig. 5. In this operation mode 7, the output of the carrier 
14c is zeroed wItti the rotor shaft 12r of ttie motor/igen- 
erator 12 rotating freely in the reverse cfirection. When 
this operation mode 6 is established during running of 
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the vehicle with the engine 1 0 as the drive power source 
as in the operalion mode 3. the stopping of the vehicle 
does not require the engine 10 to t>e turned OFF, and 
the vehicle can be started by the engine 10 as in the 
operation mode 5. 

If a negative decision (NO) is obtained in step S5, 
that Is, if the starting of the vehicle by the en^ne 10 is 
not required, the control flow goes to step S9 to (teter- 
mine whether a currently required output Pd of the 
hybrid drive system 8 is equal to or smaller tfian a pre- 
determined finst threshold PI. Ihe currently required 
output Pd is an output of the hybrid drive system 8 
required to drive the vehicle against a running resist- 
anca This currently required output Pd is calculated 
aocorcfing to a predetermined data map or equation, on 
the basis of the operatffig amount 6ac of the aoceterator 
pedal, a rate of change of this value Oac. or the cunently 
established operating position of tfie automatic trans- 
mission 26. Ihe predetermined first threshoid PI is a 
boundary value of the output above which the vehicle is 
driven wHh only the engine 10 used as the drive power 
source and below which the vehicle is driven wHh only 
tfie motor/generator 12 as the drive power sourca In 
other words, the vehicle is considered to be in a 
medium-load or high-load running state if the cun'ently 
required output Pd is larger than the first threshold value 
PI, and in a low-load running stale the currently 
required output Pd is equal to or smaller than the ffrst 
threshold value PI. For example, the first threshold 
value PI is determined experiments, so as to mini- 
mize the exhaust gas emissions and the fuel consump- 
tion, depencfing upon the energy efficiency duririg 
running of the vehicle (in wftich the electric energy stor- 
age device 75 may be charged by operation of the 
engine 1 0). If the currently required output Pd is equal to 
or smaller than the first threshold value Pd. the control 
flow goes to step S10 to determine whether ttie stored 
electric energy amount SOC is equal to or smaOer tfian 
a predetermined lower Omit A1 . If an affirmative decision 
(YES) is obtained In step S10. the control flow goes to 
step S11 to select an operation mode 1. If a negative 
decision (NO) is obtained in step S10, the control flow 
goes to step S12 to select an operation mode 3. The 
lower limit A1 a lower limit of the stored electric 
energy amount SOC abcve which the electric energy 
stored in the storage device 76 can be used to operate 
the motor/generator 12 as the drive power sourca The 
lower GmitAI is deterrraned depencfing upon the charg- 
ing and discharging efficiencies of the storage device 
76. For in^ance, the lower limit A1 is about 70% of the 
full capacity of the storage device 76. 

In the operErtion mode 1 selected in step 811, tfie 
first clutch 16 is released (turned OFF) and the second 
clutch 20 is engaged ^med ON), and the engine 10 is 
turned OFF, while the motoryigenerator 12 is operated so 
as to provide tfie currently required ou^HJt Pd, as indi- 
cated in Rg. 5. so that the vehicle is driven with only tfie 
motor/generator 12 used as the drive power source. In 
this operation mode 1, too. the engpne 10 is dscon- 



nected from the planetary gear device 14, so that the 
energy loss due to the drag resistance of the engine 10 
is prevented as in the operation mode 6, and the motor 
can be suitably operated with Ngh efficiency wHh tfie 

5 automatic transm^on 26 t>eing suitably shifted. It is 
also noted that the operation mode 1 is selected, that is, 
the motor/generator 12 is used as the drive power 
source, when the curretttly required output Pd is equal 
to or smaller than the first threshold value PI while the 

10 electric energy amount SOC stored in the storage 
device 76 is equal to or larger than the lower limit A1. In 
this condition, the energy efficiency is fiigher and the 
fuel consumption and the amount of exhaust gas amis- 
stons can be made smaller when the veNde is driven tyy 

75 the motor/generator 12 fin the operation mode 1) than 
when the v^ilde is driven tyy the engine 10 (as in oper- 
ation mode 2). Further, the electric energy storage 
device 76 is prevented from excessive disctiarging with 
the stored energy amount SOC faffing below the lower 

20 GmitAI. which would result in detertoration of the charg- 
ing and discharging efficiencies of the storage device 
76. 

In the operation mode 3 selected in step S12, tfie 
first and second dutcfies 16. 20 are both engaged 

25 (turned ON), arxJ the engine 1 0 is turned ON. while the 
motor/lgenerator 1 2 is placed in the CHARGING state to 
charge the electric energy storage device 76 with 
regenerative braking, as indicated in Fig. 5. whereby the 
vehicle is driven by the output of the engine 10 while the 

30 electric energy storage device 76 is charged with the 

electric energy generated by the motor/generator 12. In , 
tfus operation mode 3. the engine 10 is operated so as 
to provide an output larger than the curr^itly required 
output Pd. and the electric current of the motor/genera- 

35 tor12isoontrolledsothatasurplusou1putoftheengine 
10 is consumed by the motor/generator 12 to charge the 
storage device 76. 

If a negative decision (NO) is obtaffied in step 89, 
that is. if the currently required output Pd is larger than 

40 the first threshold value PI. tfie conttpl flow goes to Step 
813 to determine whether the cun'ently required output 
Pd is smaDer than a predetermined second threshold 
P2 which is larger than the first threshold PI. that is, 
whether the currently required output Pd is larger than 

45 the first thresfK)id P1 and smaller tfian the second 
threshold P2. namely, within a predetermined range 
between PI andP2. This second threshold value P2 is 
a boundary value of the output below which the vehicle 
is driven with only the engine 10 used as the drive 

so power source and above which the vehicle Is driven with 
both the engine 10 and the motor/generator 12 as the 
cftrive power source. In other words, tfie vefiide is con- . 
ski ered to be in the medium-load omning state if the 
currently required output Pd is smaller than the second 

55 threshold value P2. and in the high-load running state if 
the curently required oulput Pd is equal to or larger 
than the second threshold value P2. For exanpla the 
second threshold value P2 is determined by eoq>eri- 
ments. so as to minimize the exfiaust gas emissions 
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and the fuel consumption, depeixfing upon the energy 
efficiency during running of the vehicle (In which the 
electric energy storage donee 76 may be charged k)y 
operation of the engine 10). )f the curraitty required out- 
put Pd is biger than the first threshold value PI and 5 
smaller than the second Ifireshold value P2. that is^ if an 
affirmaOve decision (YE^ is obtEdned in step S13, the 
control ftaw goes to step S14 to determine whether the 
stored electric energy amount SOC is equal to or larger 
than the atxive'incficated lower limit A1. If an affirmative 70 
decision (YES) is obtained in step SI 4. the control f bw 
goes to step S15 to select an operation mode 2. If a 
negative decision (NO) is obtained in step S14, the con- 
trol flow goes to step S12 to select the operation nfKX^e 

3 discussed atxsva If tfie currently required output Pd Is 15 
equal to or lan^ than the second threshold P2, that is. 

if a negative dedsaon (NO) is obtained in step S13, the 
control flow goes to step SI 6 to determine whether the 
stored electric energy amount SOC is equal to or larger 
than the lower limit A1. If an affirmative dedston (YES) 20 
is obtained in step S16. the control flow goes to step 
S17 to select an operatio n mode 4. If a negative deci- 
sion (TX)) is obtained in step S16. the control flow goes 
to step S15 to select the operation mode 2. 

In the operation mode 2 selected in step S15. the 2s 
first and second cbjtches 16. 20 are both engaged 
(turned ON), and the engine lOis operated so as to pro- 
duce the currently required output Pd, while the 
motor/generator 12 is placed in the NON-LOAD state, 
as indicated in r^. 5. wheret>y the vehicle is driven with 30 
only the engine 10 used as the drive power source. 

In the operation mode 4 selected in step S17, the 
first and second dutches 16. 20 are both engaged 
(turned ON), and the engine 10 and the motor/genera- 
tor 12 are operated, as incficated m Rg. 5. whereby the 3s 
vehicle is driven with kx)th ttie engine 10 and ttie 
rnolor/igeneralDr 12 used as ttie drive power source. In 
this operation mode 4 selected when the currently 
required output Pd is equal to the second threshold P2 
or larger, the engine 10 arvi the motor^enerator 1 2 are 40 
txith operated as the drive power sources to drive the 
vehicle, so that the energy efficiency is less Dkely to be 
lowered tfian in the operalton nrade 1 or 2 in which 
either the engine 10 or the motor/generator 1 2 is used 
as the drive power souica In this respect, the fuel con- 45 
sunption and the exhaust gas emission can be made 
lower in tttis operation mode 4 than In tfie operation 
mode 1 or 2 when the currently required output Pd is 
equal to P2 or larger. Furtfter. soncetfie operation mode 

4 is selected only when the stored electric energy so 
amount SOCis equal to or larger than the lower limit A1 . 
the electric energy storage device 76 is protected from 
excessive dischargmg wHh the stored energy amount 
SOC fafling below the lower Dmit A1 . which would result 

in deterioration of the charging and discharging effiden- 55 
des of the storage de^ 76. 

As de8cri>ed atxive^ the operation modes 1-4 are 
selected in ihe following running states of the vehida 
When the electric energy amount SOC stored in the 



electric energy storage device 76 is not smaller than the 
lower emit A1. the operation model is selected in step 
S11 to drive the vehide with only the motor/^generator 
12 as the drive power soiree if the vehide is In the low- 
bad running state with the cunrently required output Pd 
k>eing equal to or smaller than the first tfireshdd PI. 
Further, the operation mode 2 is selected in step S15 to 
drive the vehide with only the engine 10 as the drive 
power source if the veNde is in the mecfiunrvload run- 
rung state with the cun-ently required output Pd t>eing 
larger than the first threshold PI and smaller ttian the 
second threshold P2, and the operation mode 4 is 
selected in step SI 7 to drive the vehide with the engine 
10 and the motor/generator 12 as tfie drive power 
sources if the vehide is in the Ngh4oad running state 
with the currently required output Pd t>eing equal to or 
larger than the second threshold P2. When the stored 
electric energy amount SOC is smaOer than the lower 
limit A1 , the operation mode 3 is selected in step S12 to 
drive the vehide with only the engine 10 as the drive 
power source while at ttie same tinte charging the elec- 
tric energy storage device 76 if the vehide Is in the 
mecfium-load rurwiing state with tfie currently required 
output Pd being smaller tfian the second tfiresfioid P2, 
and the operation mode 2 is selected in step S15 to 
drive the vehide with only the engine 10 witfiout charg- 
InQ the storage device 76 if the vehide is in tfie higfi- 
load running state with tfie currently rec^Jired output Pd 
being equal to or larger than tfie second threshold f^. 

The operation mode 2 is selected in step Si 5 in the 
following two cases: 1) wfien the vehide is in tfie 
medium-load running slate wtierein the currently 
required output Pd is larger tfian the first threshold PI 
and smaller than the second threshold P2. while the 
stored electric energy amount SOC is not smaller than 
the lower linut A1 ; arid 2) wtien the vefude is in tfie higfi- 
load nffirwig stale wtierein tfie currently required output 
Pd is equal to or larger than the second threshold P2. 
while the stored electric energy amount SOC is smaller 
than the tower limit A1. to the mecfium-load running 
state of ttie vehide^ tie energy elfidency is generally 
higher when ttie vehide is driven by the engine 10 than 
when the vehide Is driven by ttie motor/generator 12. 
Accordingly, the fuel consumption and exhaust gas 
emission can be made smaller in the operation mode 2 
than in the operation mode 1. In the higfi-load running 
states It is generaOy desirable to select tfie operation 
mode 4 in which ttie vehide is driven by botti of ttie 
engine 10 and ttie motor/generator 12. When the elec- 
tric energy amount SOC stored in the electric energy 
storage device 76 is smaller than the lower limit A1, 
however, it is desirable to select ttie operation mode 2. 
that is, to drive the vehide witti only ttie enpne 10 used 
as ttie drive power source^ in order to prevent deteriora- 
tion of ttie charging and discharging efficiencies of ttie 
storage device 76 due to reduction of ttie stored electric 
energy anmmt SOC below ttie lower limit A1. 

In tiie drive source brake control of Rg. 8 in the 
fiyt>rid drive system 8 of the present embodfftient, step 
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Q2-2 is inplemeiTted to select the opefation mode 6, 
namely, the regenerative braking mode, if the etoctric 
energy amount SOC stored in the storage device 76 is 
smaOer than the upper limit A2. In tfie regenerative 
braking mode, a drive source brake based on the regen- 5 
erative braking of the motor/generator 12 is appGed to 
the veMda The force of the drive source brake based 
on the regenerative braking is controlled acconfing to 
the re^nerativB braking data map whteh is selected 
depending upon the degree of drive source braking 10 
(regenerative braking) desired by the vehkde operator, 
lhat is, the anmmt of electric energy generated by the 
motor/generator 12 as ttie electric generator is control- 
led depending ipon the operations of the shift lever 80 
to the right and left positions while it is placed in ttte is 
drive source brake positkm "^Mhese operations of the 
shm lever 80 indicate the operator's desired degree of 
the drive source brake appOcatkxi (regenerative brake 
applkstkxi in step Q-2-6). TTius, when the stored elec- 
tric energy anmunt SOC is smaller than the ij|)per lirrat 20 
A2, the regenerative braking mode rather than the 
engine braking mode is estabfisfred, and ttie automatic 
trarsmisskyi 26 is kept in the predetermined forward 
drive positkxi (ag., ttwd-speed positton "Srd*^. whSe the 
data rnap for determining tfieregerierative braking force 25 
is selected depending upon the desired degree of the 
regenerative brake ^spGcalion (drive source brake 
appik»tk)n as desired ^ the vehk:le operator). In the 
present regenerative braking control according to steps 
Q2-2 through Q2-6, therefore, the actual generative 30 
brake force can be suitably controlled with a higher 
response to the operator^ desired degree of the regeiv 
erative brake appGcation (drive source brake applica- 
tfon). than in the engine braking control according to 
step8(}2-7throug^Q2-10 in whk:h the automatic trans- 3s 
missnn 26 is shifted to the position oorrespondng to the 
operatorfe desired degree of the engpne brake applk»- 
tion. 

When the electric energy amount SOC stored in tfie 
stores device 76 is equal to or larger than the ipper 40 
limit A2. the engine braldng control is effected according 
to steps Q2-8 through 02-10, so that an engine brake to 
be applied to the vefude is controlled by the cunantly 
selected position or speed ratio of tfie automatk: trans- 
mission 26. Namely, tfie engine brake is controlled tff 45 
shifting the transmission to the appropriate position cor* 
responcfing to tfie operator^ desired degree off tfie 
engine brake appfication. bntfiis engine brake control in 
tfie operatfon mode 8 wherein the motor/igenerator 12 is 
heki in the NON-LOAD state, the motor/generator 12 is so 
protected from excessive cfiarging and resulting deteri- 
oration of the cfiarging and discfiaiging efficiencies.. 

It is also noted that the regenerative brake pro- 
duced by the motoryigenerator 12 In the regenerative 
brake control according to steps (22-2 through 02-6 is » 
controlled to be sutistantiaOy equal to the engine brake 
produced by the engne 10 and oontnoHed by the auto- 
matk; transmis8k)n 12. Aocordingty, the present hyt>rid 
drive system 8 does not suffer from a difference in tfie 



drive source brake force due to the selective use of the 
engine brake and the regenerative brake, which differ- 
ence woukJ be undesirable to the vehicle operator who 
does not generally distinguish the regenerative brake 
and the engine t)rake from each other. 

While the presently preferred embodiment has 
been descrik)ed alxyve by reference to the accompany- 
ing drawings, by way of example only, it is to be under- 
stood tfiat the biventnn is riot Ginited to the details of the 
IDustrated embodiment, but may be otfierwise embod- 
ied. 

In the fiykMid drive system 8 according to the 
embodimentof Fig. 1, the outputs of the engine lOand 
the motor/generator 1 2 are syntfiesized or distrilMited by 
the planetary gear device 14. However, the principle of 
the present embocfiment is applicabto to various other 
types of hybrid drive system, such as a tiybrid drive sys- 
tem aocorcGng to a second embocOment stiown in Rg. 
10, wfuch does not include tfie planetary gear devk;e 14 
and in whwh the rotor shaft 12r of the motor/igenerator 
12 and the engine 10 are cfirectly connected to each 
other. 

In the Olustrated embodiments, there are avallabfe 
four de^'ees of drive source brake appOcatfon one of 
whkii is selected by the vehkde operator by operating 
the shift I ever 80 placed in the dshm source brake posi- 
tfon "ff*. However, it is possibto for the operator to select 
one of five or more (fifferent degrees of drive source 
brake appGcatioa For the regenerative txake appllca- 
tk>n by the motor/gen^tor 12, five or more regenera- 
tive t3raking data maps corresponding to the different 
degrees are stored In the controller 64. For the engine 
brake application, the actual engine brake force is con- 
trolled in five or more steps, wfiteh correspond to 
respective combinatfons of the output of the er^e 12 
and tfie selected speed ratio of the automatic transmis^ 
sk)n2S. In tfns respect; it is noted Ifiat tfie number of tfie 
selectable degrees of tfie regenerative brake applica- 
tfon need not be equal to tfie number of the selectat)fe 
degrees of tfie engine t)rake application. 

It is to be understood ttiat tfie present invention may 
be embodied wfth various other changes, modifications 
ard improvements, wfilch may occur to tfiose skilled in 
the art, witfiout departing from the spirit and scope of 
the imenftfon ddined in the foOowing dairns: 

Claims 

1. An apparatus for controlling a drive source t)rakB 
force to be applied to a hyt>rid drive vefiide com- 
prising a drive wheel, a drive power source (10, 12) 
for driving saU drive wheel, and a transnissfon 
(26), saki drive power sowoe including an engine 
(10) cperated by combustfon of a fuel and an elec- 
tric motor (12) operated with an electric energy, and 
sakJ transmis sfo n (26) being disposed in a power 
transmitting path between saM engine and said 
dnve wfieel, said apparatus comprising: 
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manually operated means (88) for selecting 
one of a plurality of cfiflerent degrees of appfica- 
tion of a drive source brake to said fiybrid drive 

vehicle; 

an electric generata (12) driven tiy a kinetic s 
energy of the hytxid drive vehicle to generate 
an electric energy and apply as said drive 
source t)rake a regenerative brake force corre- 
sponding to the generated electric energy to 
the vehicle; and io 
electricHy generation control means (64. Q2-4, 
C32-5, Q2-6) for controlling said electric energy 
generated by said electric generator, depend- 
ing upon the degree of application of the drive 
source brake selected by said manually oper- is 
ated means. 

2. An apparatus acconfing to daim 1. wtierein saki 
transmission comprises an automatic transmission 
(26). 20 

3. An apparatus according to dalm 2, wherein the 
automatfo transmisskxi is dteposed in a power 
transmitting path between saU drive wheel and an 
asserrtfy of saki engine and saki electric genera- 2s 
tor, saki electricity generatton control means (64, 
Q2-4. (32-5, Q2-6) controls the electric energy ^n- 
erated by saki electric generator while saki auto- 
matic transmission is heU in a predetermined 
position having a predetermined speed ratia 30 

4. An apparatus according to any one of daims 1-3, 
wherein saki electric motor arxi saki electric gener- 
ator are provkied by a single motor/generator (12), 
whk;h is selectively operated as saki electric motor 3S 
and saki electrfo generator. 

5l An apparatus accordng to any one of daims 1-4, 
wherein said transmissfon is an automatic trans^ 
mission (26) having a plurality of fonward drive posi- 40 
tfons having respective different speed ratns^ and 
saki manually operated means comprises a shifl 
lever (88) having a forward drive positfon for pemvt- 
ting saki automate transmssion to t)e shifted to any 
one of saki forward drive positk)ns, saki shift lever 46 
further having a drive source brake posrtnn in 
which saki shift lever Is operable to designate a 
desired degree of saki drive source brake applka- 
tiontothevehtole. 

so 

6. AnapparatusaoconSng toanyoneof daims 1^, 
wherein saki transmissnn is an automatfo trans- 
mission (26) whose speed ratfo is variable, said 
apparatus further corrprising: 

ss 

an electric energy storage device (76) for stor- 
ing the electric energy by whk^h saki electric 
motor is operated; 

engine brake shift control means (64. QZ-S, 



7. 



C22-9. Q2-10) tor shifting saki automatic trans- 
missfon so as to change the speed ratio thereof 
depending upon the degree of applicatfon of 
the drive source brake selected by saki manu- 
ally operated mear^ so that an engine brake 
force which is produced bf operation of saki 
engine ksy said kinetic energy of the tTyt)rld 
drive vefvde arxi which is applied to the hyt)rid 
drive vehk:le through saki automatic transmis- 
sicn is controOed depending upon the speed 
ratio of tfie automatic transmission; and 
drive source brake selecting means (64, Q2-1) 
for selectively enabling saki engine brake shift 
control means and saki electricity generatkxi 
control means to t>e operated. depencOng upon 
an amount (SOC) of tiie electric energy stored 
In saki electrfo energy storage device (76). 

An apparatus according to any one of daims 1-6, 
wherein saki electric motor and saki electric gener- 
ator are provkied by a single motor/generator (1 2) 
which is seiectively operated as saki electrk: motor 
and saki electric generator, saki apparatus further 
comprising: 

an electric energy storage device (76) for stor- 
ing the electric energy by which saki electrfo 
motor is operated; 

a synttiesizing/distritxjting mechanism (14) 
having a first dutch (16), an output member 
(18). a first rotary element (14r) connected to 
saki engine through saki first dutch (1 6). a sec- 
ond rotary element (14s) connected to saki 
motor/generator (12), arxi a third rotary ele- 
ment (14c) connected to saki output werrber^ 
(18), saki automatic transmissfon being dis- 
posed between saki output member and saki 
drive wheel; 

a second dutch (20) for connecting two de- 
ments of saki first, second and third rotary de- 
ments of said synthesizingAfistributing 



regenerative braking control means (64, Q2-2) 
for releasing saki first dutch while engaging 
saki second dutch, for pernvtting saki 
motor/generator to be/driven as saki electric 
generator bf saki kinetic energy of ttie vehfole 
to charge saki electric energy storage devfoe 
(76) and apply saki regenerative kmke force to 
thevehide;and 

engine braking control means (64. Q2-7) for 
engaging saki first and second dutches, while 
hokiing saki motor/generator in a non-load 
states for permftting saki engine to t>e driven by 
saki kinetic energy of the vehide to apply an 
engine brake to the vehide as saki drive source 
brake. 

a An apparatus for controlling a drive source brake 



13 



25 



EP0800949A2 



26 



force to be applied to a hyt)nd drive vehicle com- ia 
prising a drive wheel, an electric energy storage 
device (76) for storing an electric energy, a drive 
power source (10. 12) for driving said drive wheel, 
and an automatic transmission (2S) whose speed s 
ratio is variable, said drive pcwer source indufing 
an engone (10) operated combustion of a fuel 
and an electric motor (12) operated with the electric 
energy supplied from said electric energy storage 
device, and said automatic transmission (26) being w 
disposed in a power transmitting path between said 
engine and said drive wheel, said apparatus com- 
prising: 

manually operated means (88) for selecting is 
one of a plura&ty of different ctegrees of applica- 
tion of a drive source brake to said hybrid drive 
vehicle; 

an electric generator (12) driven a Kinetic 
energy of the hybrid drive vehide Id generate 20 
an electric energy and apply as said drive 
soiree brake a regenerative brake force corre- 
sponding to the generated electric energy to 
the vehicle; 

engine brake sfvfl control means (64, Q2-8. 2S 
Q2-9, Q2-10) for shifting saki automatk: trans- 
missfon so as to change the speed ratio thereof 
depending upon the degree of applk:atfon of 
the drive source brake selected bf said manu- 
ally operated means, so that an engine brake so 
fnrce whfoh is produced by operation of said 
engine by sakJ kinetfo energy of the hybrid 
drive vehkde and which is applied to the hytMid 
drive vehicle is controQed depending upon the 
speed raAk) of ttie automatic transmission; ss 
electricity generation control means (64, 02-4, 
Q2-5. Q2-Q for controlGng saki electric energy 
generated bf saki electric generator, depend- 
ing upon the degree of applkation of tfie drive 
source brake selected by saki manually oper- 40 
ated means; and 

drive source brake selecting means (64. Q2-1) 
for selectively enabling saki engine brake shHt 
control means arvi saki electricity generation 
control means to be operated, deperxfing upon 4S 
an amount (SOC) of the electric energy stored 
in saki electric energy storage dence (76). 

An apparatus according to daim 8. wherein saki 
automatk; transmission (26) has a plurality of for- so 
ward drive positions having respective different 
speed ratios, and saki manually operated means 
comprises a shift lever (88) havkig a fbnward drive 
position for permitting saki automatic transmissfon 
to be shifted to any one of saki fbnward drive posi- ss 
tions. saki shift lever further fiaving a drive source 
brake position in whk:h saki stvft lever is operable to 
designate a desired degree of saki drive source 
brake application to the vehkila 



An apparatus according to daim 8 or 9. further 
comprising: 

a synthesizingAdistributing medianism (14) 
having a first dutch (16). an output member 
(18). a first rotary element (14i) connected to 
saki engpne through saki first dutch (1 6). a sec- 
ond rotary element (14s) connected to saki 
motor/generator (12), and a third rotary ele- 
ment (14c) connected to saki output menfoer 
(18), saki automatic transmissfon being cSs- 
posed between saki output member and saki 
drive wheel; 

a second clutch (20) for connecting two ele- 
ments of saki first, second and third rotary ele- 
ments of said synthesizingAiistributing 
mechanism; 

regenerative braking contrd means (64, Q2-2) 
for releasing saki first dutch wfule engaging 
saki secorxi dutdi. for permitting saki 
motor/generator to be driven as saki electric 
generator by saki kinetic energy of the vehfole 
to diarge saki electric energy storage devfoe 
(76) and apply saki regenerative brake force to 
tf)e vehide; and 

engkie braking control means (64. Q2-7) for 
engagfog saki first and second dutches^ while 
hoUing saki motor/lgenerator In a non-load 
state, for permitting saki engine to be driven by 
saki kinetic energy of the vehk^le to apply an 
engine brake to the vehide as saki drive source 
broke. 
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